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 This study is the most detailed biogeochemical survey investigating the distribution of   
 GDGTs and the rst to examine the relationship of bGDGTs to geochemical analytes    
 within hot spring environments.
  • iGDGTs in hot spring sediments
   - Relationship between iGDGTs and pH
    o Conrms negative relationship between lipid GDGT-4 and pH 
    o Negative relationship between crenarchaeol and pH contrasts with 
     previous studies (Pearson et al. 2008)
   - Relationship between iGDGTs and temperature
    o Positive relationship between total amount of core and polar iGDGTs and  
     temperature
   - Relationship between iGDGTs and other analytes
    o Newly recognized positive correlations between iGDGTs and Cr and Cu; 
     negative relationships between iGDGTs and F and Cl
    o Relationships of iGDGTs to geochemical analytes may be tied to pH or   
     source of groundwater feeding the springs
  • bGDGTs in hot spring sediments
   - Relationship between bGDGTs and pH
    o Weak positive relationship between total bGDGTs and pH
    o Previous studies showed a negative correlation between pH and the   
     number of cyclopentane rings (Weijers et al. 2007)
   - Relationships between bGDGTs and temperature
    o New negative relationship identied between bGDGTs and temperature
    o May indicate an upper temperature limit to organisms or production of   
     bGDGTs
   - Relationship between bGDGTs and other analytes
    o First to show a positive relationship between bGDGTs with NO3- and NO2-
    o NO3- and NO2- co-vary with temperature along outow systems; this 
     demonstrates a niche for bGDGT-producing organisms in cooler, more 
     oxidized springs away from the hottest geothermal sources.
 None of the pure cultures of organisms produced bGDGTs
  • GDGTs  might be produced by other organisms within same phyla 
  • Diﬃcult to replicate natural environment
  • Use diﬀerent extraction methods in the future
Table 1: Selected Pearson’s parametric and Spearman’s nonparametric correlations between lipid types and geochemical analytes.
 Relationships
 • Negative correlations between   
  iGDGTs and pH, F and Cl 
 • Positive correlations between    
  iGDGTs and Cr, Cu, and temperature. 
 • Positive correlations between    
  bGDGTs and pH, NO3- and NO2-
 • Negative correlations between   
  bGDGTs and temperature
 Application
 • Environmental proxies for past
 • Future climate change
 Future work 
 • Calculate cyclization and 
  methylation of branched tetraethers  
  indices (CBT, MBT) and the    
  branched and isoprenoid tetraether  
  index (BIT)
 • Compare GDGT composition of soils  
  with hot spring sediments 
 • Pyrotag sequencing 
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Glycerol dialkyl glycerol tetraethers (GDGTs) are core membrane lipids of many 
Archaea and some Bacteria found ubiquitously in soils and in many aqueous 
environments. Here, we examined the GDGT concentration in forty sediment 
samples from geothermal hot springs in the Great Basin (USA). Sediment samples 
were collected in tandem with extensive geochemical and site characterization. 
Hot spring temperatures ranged from 31 to 95°C and pH values from 6.8 to 10.7. 
Parametric Pearson's correlation coefficients and nonparametric Spearman's rho 
values were calculated to identify significant correlations between GDGT profiles 
and geochemical analytes. Isoprenoidal GDGTs (iGDGTs) negatively correlated 
with pH and positively correlated with temperature, Cr, and Cu, which is 
consistent with the importance of iGDGTs in the maintenance of membrane 
integrity at high temperature spring sources. In contrast, branched GDGTs 
(bGDGTs) displayed a negative relationship with temperature and a positive 
correlation with nitrate, nitrite and dissolved oxygen, demonstrating a niche for 
bGDGT-producing organisms in cooler, more oxidized springs away from the 
hottest geothermal sources. In addition, a collection of eleven thermophilic 
bacterial strains hypothesized to synthesize bGDGTs were tested; however, none 
synthesized GDGTs under the tested conditions. Our data provides insight into 
the environmental conditions under which archaeal and bacterial GDGTs are 
produced, which may improve the use of GDGTs as environmental proxies for 
understanding climates and conditions of the past and the future.
Figure 2: Bacterial and archaeal GDGTs.
 image from He et al. 2011.
 Forty sediment samples were collected from eight dierent hot springs. 
 • Sampling sites had temperatures ranging from 31 to 95°C and pH values ranging from 6.8 to 10.7, including high  
  temperature geothermal sources, cooler samples in outow channels, and cooler spring sources. 
 • Water samples were  also collected at each site and analyzed for temperature, pH, Ca, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Sr,  
  Zn, F , Cl, NO2, NO3, PO4, SO4 and NH4 .
Glycerol dialkyl glycerol tetraethers (GDGTs) (Schouten et al. 2007, Weijers et al. 2006b)
• Core membrane lipids of most Archaea and some Bacteria 
• Occur ubiquitously in many sediment types
• Used as environmental proxies for paleoclimate (Zink et al. 2010)
Isoprenoidal GDGTs are membrane-spanning lipids (Weijers et al. 2006b)
• Two isoprenoid chains 
• Four ether bonds and two glycerol backbones
• Found only in archaea
Newly discovered group of membrane lipids, branched GDGTs (Weijers et al. 2009)
• Ubiquitous in peat bogs and soils
• Structures evolved within the Bacteria
• Unknown source 
GDGTs occur in the environments as
• Core lipids – represent “fossil” or old lipids
• Polar lipids – represent live organisms 
Gaps in current understanding of GDGTs
• Limited studies of iGDGT and bGDGT composition in hot springs
• Unknown biological source of bGDGTs
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Major lipids of Archaea
Parametric Pearson's correlation 
coeﬃcients and nonparametric Spearman's 
rho values were calculated in SPSS at the 
0.05 level of signicance to identify 
correlative relationships between GDGT 
types and geochemical analytes.
V. Statistical AnalysisIV. Liquid Chromatography-Mass Spectometry
Modied Bligh-Dyer extraction 
method (Lengger et al. 2012)
Eleven thermophilic bacterial 
strains hypothesized to produce 
bGDGTs were grown in liquid 
media.
Caldicellulosiruptor bescii
Image from Univeristy of Georgia
II. Cultures III. Lipid Extraction
Sediment and water 
samples were collected from 





All fractions were tested on an Agilent 
1200 liquid chromatography equipped 
with an automatic injector coupled to 
QQQ 6460 MS and Mass Hunter LC-MS 
Manager software
